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APPARATUS AND METHOD FOR PREVENTING ADHESIONS 
BETWEEN AN IMPLANT AND SURROUNDING TISSUES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application claims the benefit of priority of U.S. Provisional Application No. 

60/409,137, filed September 9, 2002, and of U.S. Provisional Application No. 60/399,813, filed 
July 31, 2002 . The foregoing applications are commonly assigned and the contents of all are 
expressly incorporated herein by reference. 

1 0 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to medical devices and, more particularly, to methods and 
apparatus for reducing post-surgical adhesions between living tissues and an implant introduced 
1 5 into a surgical site of a patient: 


2. Description or Related Art 

A major clinical problem relating to surgical procedures or inflammatory diseases can be 

unwanted tissue growth, or adhesion, which can occur during the initial phases of the healing 
20 process after surgery or disease. Another problem can be foreign body reactions in response to 

medical devices or implants introduced into a surgical site. Still another problem can be leakage, 

migration or diffusion of substances, for instance fluids, from an implant into surrounding tissues. 
One approach to the problem of adhesion has been the use of bioresorbable barrier 

materials, in the form of gels, coatings, fabrics, foams, films, and the like, that are placed between 
25 a healing post-surgical site and adjacent surrounding tissue. Examples of such barrier materials 

can be found in U.S. Pat. No. 5,412,068 to Tang et al., U.S. Pat. No. 5,795,584 to Totakura, U.S. 

Pat. Nos. 6,034,140 and 6,133,325 to Schwartz et al., and U.S. Pat. No. 6,136,333 to Cohn et al, 

all of which are expressly incorporated herein by reference. 
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More specifically, the patent to Tang et al. discloses films and other bioresorbable medical 
devices formed from polycarbonate fibers. The patent to Totakura discloses surgical adhesion 
barriers comprising copolymers and/or block copolymers derived from trimethylene carbonate. 
The patents to Schwartz et al. disclose anti-adhesion membranes made of carboxyl-containing 
5 polysaccharides and polyethers. The patent to Cohn et al. discloses polymeric anti-adhesion 

compositions comprising poly(ester)/poly(oxyalkylene) ABA triblocks or AB diblocks. Similarly, 
the problem of foreign body reactions has been addressed by applying biocompatible polymeric 
coatings to medical devices, such as, for instance, stents. An exemplary method for coating a 
stent is disclosed in U.S. Patent No. 6,153,252 to Hossainy et al., also expressly incorporated 

1 0 herein by reference. 

Unfortunately, the coatings and other barriers discussed above have met with only limited 
success. For instance, some of the prior art barrier materials may be resorbed into the body too 
quickly, yielding undesirable drops in local pH levels, which may cause or exacerbate such 
problems as local inflammation, discomfort and/or foreign antibody responses. Other materials 

1 5 may take too long to resorb, may be insufficiently malleable, or may require complex chemical 
formulations and/or reactions which can increase the cost of manufacturing. 

SUMMARY OF THE INVENTION 

New applications have been discovered for anti-adhesion membrane materials. 

20 Specifically, it has been discovered that, in addition to their use as barriers between adjacent 
living tissues, anti-adhesion membranes disclosed herein can be suitable for placement onto 
implants introduced into a surgical site of a patient, in order to prevent undesired reactions 
between the implant and surrounding tissues. The implant may be either a biological implant such 
as a transplanted organ, or a non-biological implant such as a medical device implant. Among 

25 the devices to which the principles of the invention can be applied are bone graft substitutes, bone 
cement, tissue glues and adhesives, bone fixation members (plates, mesh, screws and rods), 
prostheses, tissue augmentation devices (such as breast implants, penile implants and collagen), 
pacemakers, defibrillators, eye spheres, sutures, tacks, staples, cochlear implants, pumps, artificial 
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organs, non-resorbable sheets and membranes, bone growth stimulators, neurological stimulators, 
dental implants, guided tissue and guided bone regeneration membranes, eye lid weights and 
tympanostomy tubes. The type of membrane material in any particular application is determined 
depending on the application and the characteristics of the surgical site to which the membrane is 
5 being applied. 

Of particular interest are the resorbable micro-membranes, or films, that are disclosed in 
U.S. Patent Application No. 09/805,41 1 filed March 12, 2001, and expressly incorporated herein 
by reference. Specifically, the aforementioned application discloses scar tissue-reduction barrier 
. .membranes that are constructed entirely of resorbable polymers, and are engineered to be 

10 absorbed into the body relatively slowly over time in order, for example, to reduce potential 
negative side effects. In a preferred embodiment of that invention, the membrane material is 
selected from the group consisting of lactide polymers (e.g., copolymers) of two or more lactides. 
It has now been found that these polylactide membranes have additional use as protective barriers 
for use on foreign bodies such as implants. 

1 5 Also of interest are the membrane-forming techniques disclosed in U.S. Provisional Patent 

Application Serial No. 60/399,792, filed July 31, 2002, and U.S. Provisional Patent Application 
Serial No. 60/408,393, filed September 4, 2002 both of which are expressly incorporated herein 
by reference. Membranes formed by these techniques have been found to be particularly effective 
for the use on foreign body implants as disclosed herein. 

20 In a method according to the present invention, an anti-adhesion membrane is applied onto 

an implant before the body of the implant is introduced into a surgical site of a patient. The 
implant may comprise either biological material, such as a transplanted organ, or non-biological 
material such as a medical device implant. The membrane may be applied to the implant in a 
variety of ways. In one example, a membrane according to the present invention is shrink- 

25 wrapped around an implant, such as a pace-maker. In another example, an implant, such as a 
breast implant, is spray-coated with the membrane material disclosed herein. 

Any feature or combination of features described herein are included within the scope of 
the present invention provided that the features included in any such combination are not mutually 
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inconsistent as will be apparent from the context, this specification, and the knowledge of one of 
ordinary skill in the art. Additional advantages and aspects of the present invention are apparent 
in the following detailed description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration showing a method of coating a pace-maker according to 
one embodiment of the invention; and 

Fig. 2 is a schematic illustration showing a method of coating a breast implant according 
to another embodiment of the invention. 


DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

Reference will now be made in detail to the presently preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same or similar reference numbers are used in the drawings and the description to refer to the 

15 same or like parts. It should be noted that the drawings are in simplified form and are not to 

precise scale. In reference to the disclosure herein, for purposes of convenience and clarity only, 
directional terms, such as, top, bottom, left, right, up, down, over, above, below, beneath, rear, and 
front, are used with respect to the accompanying drawings. Such directional terms should not be 
construed to limit the scope of the invention in any manner. 

20 Although the disclosure herein refers to certain illustrated embodiments, it is to be 

understood that these embodiments are presented by way of example and not by way of limitation. 
The intent of the following detailed description, although discussing exemplary embodiments, is 
to be construed to cover all modifications, alternatives, and equivalents of the embodiments as 
may fall within the spirit and scope of the invention as defined by the appended claims. 

25 The present invention is directed to a method of reducing post-surgical adhesions between 

an implant and surrounding tissues at a surgical site, comprising a step of applying and/or forming 
an anti-adhesion membrane on and around the implant. The apparatus, which comprises the 
implant and the anti-adhesion membrane, may then be placed in a patient at a surgical site. 
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Membranes of the present invention may be constructed from various biodegradable 
materials, such as resorbable polymers. For example, the membrane material applied to or formed 
on the implants comprises lactide polymers, such as copolymers of two or more lactide 
monomers. In one embodiment, the membrane material is preferably selected from the group 
5 consisting of lactide polymers (e.g., copolymers) of two or more monomers. In accordance with 
one embodiment of the present invention, non-limiting polymers which may be used to form 
membranes of the present invention include polymers (e.g., copolymers) of lactide (L, D, DL, or 
combinations thereof), glycolide, trimethylene carbonate, caprolactone and/or physical and 
chemical combinations thereof. In one embodiment, the membranes comprise a polylactide, 

10 which can be a copolymer of L-lactide and D,L-lactide. For example, the copolymer can comprise 
about 60-80% of L-lactide and about 20-40% of D,L-lactide, and in a preferred embodiment the 
copolymer comprises poly (L-lactide-co-D,L-lactide) 70:30 Resomer LR708 manufactured and 
supplied from Boehringer Ingelheim KG of Germany. Membranes constructed from this material 
have been found to retard or prevent tissue adhesions, reduce scarring and/or inflammation, and to 

1 5 be resorbable within 24 months or less of implantation into the mammalian body. 

In one embodiment, the membranes are formed by polymers (e.g., homo and/or 
copolymers) derived from one or more cyclic esters, such as lactide (i.e., L, D, DL, or 
combinations thereof), epsilon-caprolactone and glycolide. For instance, the membranes in one 
embodiment can comprise about 1 to 99% epsilon-caprolactone, or in another embodiment can 

20 comprise 20 to 40% epsilon-caprolactone. In one example, a membrane comprises 65:35 poly (L- 
lactide-co-epsilon-caprolactone). In other embodiments, butyrolactone, valero lactone, or 
dimethyl propiolactone can be used with or as a substitute for epsilon-caprolactone. In another 
embodiment, the membranes can comprise a copolymer including lactide and glycolide which is 
resorbed into the body more rapidly than the above-mentioned poly (L-lactide-co-D,L-lactide). 

25 The anti-adhesion membrane of the present invention may be applied to a wide variety of 

foreign bodies including, but not limited to, grafting material, transplanted organs and medical 
devices, including medical devices which may be surrounded by living tissue including, but not 
limited to, fascia, soft tissues, muscle, organs, fat, adipose, membranes, pericardium, plura, 
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periostium, peritoneum, dura, bowels, intestines, ovaries, veins, arteries, epidermis, tendons, 
ligaments, nerves, bone and cartilage. The grafting material may comprise , autograft material, 
xenograft material, allograft material, and combinations thereof. Examples of suitable grafting 
material includes veins, arteries, heart valves, skin, dermis, epidermis, nerves, tendons, ligaments, 
5 bone, bone marrow, blood, white blood cells, red blood cells, gonadocytes, embryos, cells, 
adipose, fat, muscle, cartilage, fascia, membranes, pericardium, plura, periostium, peritoneum, 
and dura. Implants may include a transplanted organ, such as kidneys, hearts, eyes, and livers, 
among other things. 

Other implants comprise non-biological materials, such as medical devices.' Examples of 

10 suitable non-biological implants include, but are not limited to, bone graft substitutes, bone 

cement, tissue glues and adhesives, bone fixation members, defibrillators, eye spheres, sutures, 
staples, cochlear implants, pumps, artificial organs, non-resorbable membranes, bone growth 
stimulators, neurological stimulators, dental implants, guided tissue and guided bone regeneration 
membranes, eyelid weights, and tympanostomy tubes. Other medical devices may include 

1 5 prosthetics, suchas a fluid filled prosthesis. One example of a fluid filled prosthesis is a breast 
implant, such as a saline or silicone breast implant. In addition, medical devices may include 
electronic instruments, such as a pacemaker. 

The membrane may be formed or applied on or over the implant or device using any of a 
number of techniques including, but not limited to, wrapping, interweaving, blanketing, draping, 

20 taping, adjacent placement, juxtaposed positioning, and sandwiching. 

In a first embodiment of the invention, the anti-adhesion material is pre-fprmed as a 
membrane before application onto the implant. In a second embodiment of the invention, the 
' material is applied as a coating which dries to form a membrane or barrier around the implant. 
The coated membrane may be effective as a protective layer around the implant, and/or may be 

25 effective as a resorbable barrier, as disclosed herein. One method of applying a pre-formed 
membrane is shown in Fig. 1 . A method of forming a membrane by coating and drying is 
illustrated in Fig. 2. The material used to form the membranes in both figures can comprise, for 
example, poly (L-lactide-co-D,L-lactide). It is understood, however, that other bioresorbable 
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polymers having anti-adhesion properties may be used in modified embodiments. In other 
modified embodiments, even nonresorbable polymers or polymers without anti-adhesion 
properties may be used, depending on the application of the membrane. For example, the 
membrane or barrier may include one or more portions that comprise a resorbable polymer or 
5 polymers, and one or more portions that comprise nonresorbable polymers. 

Fig. 1 shows a method of applying a pre-formed membrane 10 to a medical device 1 1 such 
as a pacemaker 12. The pre-formed membrane 10 is preferably a non-porous film formed of a 
single layer of polylactide material adapted to maintain a smooth-faced barrier between an implant 
and surrounding tissues. More preferably, the material in its final form has viscosity property, 

10 such as an inherent viscosity, in the range of about 0.20 to about 10.00 g/dL at 25°C in 
chloroform. For many applications, the viscosity property of the disclosed membranes is 
optimally in the range of about 1.00 to about 3.00 g/dL. In one embodiment, the viscosity 
property is greater than 1 g/dL, and preferably greater than 2 g/dL, and more preferably about 3 
g/dL. It is also highly preferable that the thickness of the membrane be less than about 300 

1 5 microns, and more preferably, in the range of about 10 to about 100 microns. In one preferred 
embodiment, the thickness is in the range of about 10 to about 50 microns. This thickness should 
be uniform in the axial and transaxial directions, except at the outermost edges of the membrane 
10, where the thickness can be 2 to 4 times thicker than the rest of the membrane. The thicker 
edges can provide the membrane with added attachment strength and reduce the risk of damage in 

20 for example attachment applications. 

It is recommended that the membrane 10 be pre-formed using the extrusion and stretching 
techniques disclosed in U.S. Provisional Patent Application Serial No. 60/399,792, and U.S. 
Provisional Patent Application Serial No. 60/408,393. However, other standard film-forming 
processes may be used in modified embodiments. For instance, compression molding may be 

25 used, or any appropriate technique described in, for instance, the Encyclopedia of Polymer 

Science and Engineering, Vol. 12, pp. 204-210 (1988), the contents of which are incorporated 
herein by reference. However, due to the extreme thinness of the membrane 10, certain 
techniques, such as injection molding, may not be suitable, and may not provide sufficient 
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performance. By using certain fabrication techniques, multiple layers of the polymeric materials 
may be formed in one membrane. Multilayer membranes may provide improved benefits and 
advantages especially when more than one resorbable material is used, such as a first resorbable 
material that degrades at a first rate, and a second resorbable material that degrades at a second 
5 rate. -- - . 

After formation, the membrane 10 is placed on or under the pacemaker 12, and wrapped 
around the pacemaker 12 to substantially encase the pacemaker. As illustrated in Fig. 1, the 
pacemaker is completely encased. For other implants, including pacemakers, the membrane 10 
may be wrapped around the majority of the implant so that only a minor portion of the implant is 

10 in direct contact with a biological environment of a human or animal patient in which the implant 
is placed. As shown in Fig. 1, an air blower 14 or other heating device is then used to increase the 
temperature of the membrane 10, which may be supported on a suitable frame or holder (not 
shown), to a value above glass transition temperature. In the case of the preferred polylactide 
material, the glass transition temperature is about 55° C to about 60° C. While in the glass 

1 5 transition state, the membrane 10 shrinks in a predictable manner, depending on the process used 
to manufacture the membrane. For instance, a membrane which has been monoaxially extruded 
according to the process disclosed in the aforementioned co-pending U.S. patent application, may 
shrink by a factor of about 3 along one axis (in a preferred embodiment, the longitudinal axis), 
, and by a factor of about 1 0- 1 5% on a transverse axis. A membrane which has been biaxially 

20 extruded may, in one embodiment, shrink approximately equally along both axes. After cooling 
back below glass transition temperature, the membrane 10 hardens or is set in its new, wrapped 
configuration 16. The wrapped configuration may include the membrane 10 wrapped tightly 
around the implant. In certain embodiments, substantially all of the exposed surfaces of the 
implant are covered by the membrane. In further embodiments, the membrane is in direct contact 

25 with the surfaces of the implant. In other embodiments, the membrane may be wrapped around 
the implant so that the membrane is not in contact with the implant surfaces, but substantially 
surrounds the implant. For example, the membrane may be configured as a bag that can be 
wrapped around the implant with a gas or liquid filled space between the membrane and the 
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implant. It is not believed that adhesives or other fixation structures or methods are needed to 
maintain the membrane 10 in its wrapped configuration. However, it is within the scope of the 
invention to apply molding to the wrapped implant, such as pacemaker 12, as it is heated and 
cooled, or to apply cement or other adhesives to the corners of the membrane as an added step. 
5 Heat-shrinking may be effective in applications where for example a device or other 

implant is to be implanted into a surgical site of a patient, but not necessarily attached to any 
anatomical structure. In applications where the implanted device or implant is attached to an 
anatomical structure or tissue, it may be preferable to mechanically secure a pre-formed 
membrane to both the device or implant body and the surrounding structure or tissue. Among the 

10 techniques that can be employed are wrapping, interweaving, blanketing, draping, taping, adjacent 
placement, juxtaposed positioning and sandwiching of the membrane relative to the implant and 
the surrounding tissues or structure. Sutures or staples, for example, may also be used to attach a 
pre- formed membrane to surrounding muscle. As another example, a pre-formed membrane may 
be secured to bone using resorbable bone screws or tacks. In other cases, tucking or folding a 

15 membrane into anatomical crevices may be sufficient to fix its position. An adhesive such as a 
fibrin sealant or a resorbable cyanoacrylate adhesive may further be utilized to secure the pre- 
formed membranes, alone or in combination with any of the other means of attachment discussed 
above. Alternatively, a pre-formed membrane can be heat bonded, such as with a bipolar electro- 
cautery device, ultrasonically welded, or similarly sealed directly to the surrounding or adjacent 

20 structure. 

In certain applications, for instance in cases where the implant to be implanted is bulky or 
irregularly shaped, it may be more practical to coat the implant than to apply a preformed 
membrane. For example, Fig. 2 shows a method of spray-coating a breast implant 18, which can 
be a saline-type implant in a silicone casing. 
25 Preferably, a coating solution 20 is created by dissolving a bioresorbable polymer such as 

the poly(L-lactide-co-D,L-lactide) material described above in a suitable solvent. The solvent can 
be selected from the group comprising ethyl acetate, acetonitrile, acetone, methyl ethyl ketone 
(MEK), tetrahydrofuran (THF), methyl pyrole, and any combination of two or more of the above. 
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In one embodiment of the invention, the solution 20 has a concentration of about 0.1 to about 
5.0% by weight of the bioresorbable polymer. The solution 20 is placed in an appropriate sprayer 
22 such as an ultrasonic spray unit, and sprayed as a fine mist over the surface of the implant 18. 
The solution may be sprayed using any conventional propellant. For example, the solution may be 
5 sprayed using a pump, or aerosol based spraying devices. The spraying may be performed under 
atmospheric conditions. After spraying, the implant 18 is dried, preferably air-dried for about 1 to 
5 hours, to remove 80 to 90% of the solvent, and may then be placed in a vacuum oven 24 having 
a pressure of about 1 x 10~ 2 mm Hg at, for instance, around 55° C or less to remove as much of the 
remaining solvent as possible. In the case of organic solvents, in particular, it is important that 

10 minimal solvents remain, and preferably no solvents at all. 

After the initial coating has been applied, one or more full or partial additional coatings 
may be added if necessary. The coating or coatings need not be uniform in thickness, but the final 
thickness at the thinnest section should be no less than about 10 microns Preferably the final 
thickness at substantially all sections is in the range of about 10 to about 300 microns and, more 

1 5 preferably, in the range of 10 to about 50 microns. As discussed herein, providing multiple 

coatings with varying thicknesses may facilitate selective control of resorption rates of the barrier 
membranes. 

The above-described embodiments have been provided by way of example, and the 
present invention is not limited to these examples. While the foregoing is a description of the 
20 preferred embodiments of the invention, various alternatives, modifications, and equivalents may 
be used. Moreover, it will be apparent that certain other modifications may be practiced within 
the scope of the appended claims. - 
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